Sweet and Bitter Cassava tubers were fermented for production of cassava flours. The samples were peeled, washed with potable water and cut into slices of 5-6 cm length. They were steeped separately in water to ferment spontaneously for 4 days. The samples were serially diluted and 0.1 ml aliquot inoculated on appropriate media and incubated for isolation of bacteria and fungi. Physico-chemical, cyanide and proximate status of the fermented samples were determined.
INTRODUCTION
Cassava (Mannihot esculenta), is a major staple food for Africa [1] and many nations of tropical origin and America. It accounts for a higher food calories per unit weight compare to yam. Cassava is classified based on the level of cyanide content into sweet and bitter varieties [2] . Varieties with low cyanide less than 50 mg HCN/kg of pulp are non-toxic and sweet. Those with cyanide level above are bitter and toxic [3] . The sweet varieties are mainly used as thirst quenchers and snacks while the bitter varieties are for processing into flour and flour products [4] .
Despite their higher cyanide content, the bitter varieties are more predominantly utilized. This is due to the development of the techniques for processing them to safe products. Cassava roots are used as human food either fresh when low in cyanogens; it's the case of sweet variety; or in many processed forms and products, mostly starch, flour, and for animal feed; it's the case of bitter variety. Over 90% of the cassava processed in Africa is used for human nutrition as fermented products [5] . Several varieties of cassava exist but it is possible to gather them in two groups: the sweet ones and the bitter ones [6] . Cassava tubers are processed by a wide range of methods to reduce their cyanide content, improve palatability and conversion of fresh root into stable products. Cassava is processed therefore to remove or reduce the toxic cyanogenic glucoside [7] . Nigeria is the largest producer of cassava in the world [8] with about 45 million metric tonnes and its cassava transformation is the most advanced in Africa [9] . Cassava is grown throughout the tropic and could be regarded as the most important root crop, in terms of area cultivated and total production [10] . It is a major food crop in Nigeria [11] . It is essentially a carbohydrate food with low protein and fat.
In spite of the desirability of cassava for consumption as food and animal feed, it contains some toxic compounds such as cyanogenic glycosides, linamarin, and lotaustralin which are highly toxic. Thus, the consumption of an inadequately processed cassava product for prolonged periods may result in chronic toxicity. However, the toxicity of the cyanogens is as a result of inadequate processing [12] . Cassava roots are highly perishable and a lot of postharvest losses occur to this commodity during storage due to high physiological activities and activities of microorganisms that enter bruises received during harvesting as well as the inherent high moisture content of fresh roots, which promote both microbial deterioration and unfavourable biochemical changes in the commodity [13] . This study is aimed at investigating the effect of fermentation in reducing the cyanide contents of cassava during the production of cassava flours.
MATERIALS AND METHODS

Sample Collection and Processing
Freshly harvested sweet and bitter cassava varieties were collected from National Root Crops Research Institute, Umudike, Abia state. The Sweet Cassava (TMS 419) and Bitter Cassava (TMS 419) varieties were sorted, peeled, washed with potable water and drained. A portion of the sweet and bitter cassava tubers (5kg each) was cut into slices of 5-6cm length and soaked separately in a big bowl containing water . The pieces were completely submerged in water and the bowl uncovered to allow for exposure to air [14] . Both were left for 4 days to ferment at ambient condition (27 -32ºC) . During the fermentation, the steep water of both cassava types was taken aseptically for different microbiological analysis in the laboratory. After fermentation, the pulp was removed, water squeezed out and spread on a tray and sundried for 3 days.
Microbiological Analysis of Samples
Ten ml of the fermenting steep water was collected with sterile pipette after vigorous shaking and serially diluted [15] after which 0.1 ml aliquot of 10 -4 dilution was aseptically inoculated by Spread Plate on Nutrient agar (also used for total viable count); MacConkey agar (also used to Total Coliform Counts); De Man Rogosa Sharpe (MRS) Agar (also used for total lactic acid bacteria counts) and Sabouraud Dextrose Agar (SDA) for fungal isolation and count. The bacterial plates were incubated at 37ºC for 48 hrs while the fungal plates were incubated at 22ºC for 5 days. The total viable counts for bacteria and fungi were then determined. The various bacterial colonies isolated were sub-cultured by streaking to obtained pure cultures. They were later identified based on their colonial morphology, biochemical and sugar fermentation tests [16] .
The
Fungal isolates were identified macroscopically and microscopically using lactophenol cotton blue in which a portion of the fungi were collected using sterile needle and placed on the microscope slide. Few drops of lactophenol cotton blue were added on it followed by teasing using needle. It was covered with cover slips and viewed under the microscope using x10 and x40 objective lenses.
Determination of Physico-chemical Parameters of Samples
The pH, total titratable acidity and temperature of the fermenting samples were monitored during the fermentation time [17] for every 12 hours.
Proximate Analyses of Fermented Cassava Tubers
The proximate analyses: fat, crude protein, crude fiber, free fatty acid, moisture content and Minerals of the fermented cassava tubers were determined according to [18] .
Statistical Analysis
The results were presented as Mean ± Standard deviation of triplicate values. A one way analysis of variance (ANOVA) and Duncan multiple range tests were carried out. Significant difference was accepted at P = .05. Table 1 shows the bacterial isolates from the fermentation of sweet and bitter cassava tuber varieties. Table 3 shows the occurrence of bacterial isolates. Lactobacillus spp had the highest occurrence in both the sweet and bitter cassava while E. coli and Staphylococcus aureus had the least occurrence in both varieties. Table 4 shows the occurrence of fungal isolates. Candida spp, had the highest occurrence in both sweet and bitter cassava while Penicillium spp, had the lowest occurrence in both varieties. Table 5 shows the total bacterial viable counts of fermenting Sweet and Bitter Cassava samples. The highest count for Sweet Cassava was 5.6 x 10 4 cfu/ml after 72 hrs while the highest count for Bitter Cassava was 5.0 x 10 4 cfu/ml after 72 hrs. Table 6 shows the total coliform counts from fermenting Sweet and Bitter Cassava samples. The highest count for fermenting sweet cassava was 3.5x10 5 cfu/ml after 96 hrs while that for fermenting bitter cassava was 3.1x10 5 cfu/ml after 96 hrs. Table 7 shows the total fungal counts for fermenting Sweet and bitter cassava samples. The highest count for sweet cassava was 2.3 x 10 5 cfu/ml after 96 hrs while that for the bitter cassava was 2.1 x 10 5 cfu/ml after 96 hrs. Table 8 shows the pH and temperature of fermenting Sweet and Bitter cassava samples. The lowest pH for Sweet Cassava was 4.5 after 96 hrs while that for Bitter Cassava was 3.9 after 96 hrs. The highest temperature recorded for Sweet Cassava was 27.8ºC after 12 hrs while that for Bitter cassava was 27.7ºC. Table 9 shows the TTA and hydrogen cyanide content of fermenting sweet and bitter cassava tuber varieties. The percentage TTA increased from 0.65 to 0.71 in the sweet cassava and from 0.73 to 0.75 in the bitter cassava. Table 10 shows the proximate composition of fermenting sweet and bitter cassava samples before and after fermentation. There was increase in the moisture content, crude protein, crude fiber and ether extract in both sweet and bitter cassava tubers after 72 hours of fermentation while there was a decrease in the ash content and carbohydrate of both cassava tubers after fermentation. 
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DISCUSSION
Microbial fermentation for the production of cassava flour from Sweet Cassava (TMS 419) and Bitter cassava (TMS 419) tuber varieties were carried out. Whatever the variety of cassava, the changes in the content of microorganisms throughout the cassava fermentation was slightly similar but it was observed that microflora was slightly more abundant in the fermentation of sweet cassava than the bitter cassava This was believed to be due to the low moisture content of the latter and also its higher cyanogenic glucoside content which had inhibitory effect on microbial growth [19] . This result agrees with [20] . Lactic acid bacteria, Bacillus spp. yeast, and filamentous fungi have been shown to be present in traditional fermented cassava (lafun) [21] . This corresponds to the work done by [22] in which he isolated similar fungi from 'fufu' flour stored at different relative humidity in ambient condition.
Lactobacillus spp., showed the highest acid producing ability and it does not only aid in fermentation, it also contributes positively to the shelf-life of the food product. This type of food will be suitable for rural people where refrigeration and modern storage facilities are not available. The presence of Bacillus spp and Klebsiella spp during fermentation contributed to the retting of the tubers. Bacillus spp also contributed to the production of amylase enzyme necessary for the breakdown of starch to sugars which are needed for the growth of other fermenting microorganism and forms resistance spores which tolerate adverse conditions for many days. The low percentage of S. aureus in the food proves its safety. This same principle is applied to the enteric pathogen; E. coli [23] .
The high bacterial load recorded in this study may be attributed to the poor microbial quality of the materials used in precedent cassava fermentation. This high bacterial content included the normal LAB involved in the lactic acid fermentation as well as others undesirable bacterial such as coliforms. The high coliform counts were probably induced by the contamination of exposure of bowl to environmental atmosphere in the course of fermentation processing as well as by the faecal contamination. Coliforms are generally very thermal sensitive so their high number during the preparation of starter culture could be favoured by the absence of thermal step in the course of fermentation processing.
However, it has been reported that the presence of coliforms in fermented cassava could contribute a health hazard to the consumer and could also act as potential spoilage agent of fermented cassava dishes and foods [24, 25] . The rapid increase in microbial population at the beginning must have been due to the abundance of nutrients needed for their growth [26] . After this period, the growth in the fermenting medium of the cassava fractions decreased especially for the fungal population at the end of fermentation due to competition for nutrients and high acidity [27] . Moorthy and Mathew [28] stated that cassava fermentation is associated with the fermentative activities of bacteria and yeasts. But the decrease of their population is probably due to the depletion of substrates and the bacterial competition although their counts remained relatively constant at the end of the fermentation as observed by Coulin et al. [29] during "attiéké" fermentation.
The increase of acidity during fermentation could contribute probably to inhibition acts of LAB which developed abundantly against other undesirable Microorganisms resulted in a decrease growth of coliforms as shown by their low number at the end of the fermentation. The lowering of their counts can be also explained by the fact that they do not play an important role for the acidification during fermentation. They probably produce relatively high levels of cell-wall degrading enzymes which contributed to textural changes in the cassava pulp [30, 31] or also antibiotic agent as Nisine [32] .
At time (0 hour), sweet cassava variety had pH 6.6 and bitter cassava variety had pH (5.9). During the fermentation process, there was significant decrease in the pH and the pH of the bitter variety remained lower than that of the sweet variety throughout fermentation. At the end of the fermentation period, i.e after 96 hours, the bitter variety had lower pH of 3.9 than the sweet variety which had pH of 4.5. Lower pH in the steeping water of bitter cassava could be explained by the presence of high amount of cyanhydric acid accumulated through the degradation of the cyanogenic glycosides such as amygdalin, linamarin, and linseed cyanogensm by lactic acid bacteria [33] . At the pH about 5, the cyanohydrins formed disintegrate to form HCN [34] which would be evaporated latter from the fermented cassava pulp. Indeed, fermentation allowed the elimination of more than 90% of endogenous cyanide compounds in the cassava roots after 48 hrs.
The changes in percentage TTA and hydrocyanide content of fermenting sweet and bitter cassava tuber varieties were also determined. The percentage TTA increased from 0.65 to 0.71 in the sweet cassava and from 0.73 to 0.75 in the bitter cassava. There was a reduction in the hydrocyanide content of both the sweet and bitter cassava tuber varieties from 10.03 to 5.22 and from 10.12 to 5.41 respectively. The greater TTA observed in the cassava samples may be due to the higher water content in the fermenting medium which encourages the activities of the fermenting microflora. This has been reported to be attributed to the activities of lactic acid bacteria on carbohydrates in the fermenting cassava [14] . Acid production had been reported to be dependent on microflora and processing conditions [35] . The low HCN appears to be caused by conditions which encourage a greater breakdown of cyanogenic compounds of HCN.
Higher moisture content observed in cassava tuber in this study might have been as a result of higher water absorption by the fermenting cassava. The reduction in the ash and carbohydrates had been attributed to the leaching of these nutrients into the soaking water and microbial utilization [14] .
CONCLUSION
The microbial fermentation for the production of cassava flour from sweet and bitter cassava tuber varieties reduced the cyanide contents of the flour of the two cassava varieties to acceptable level safe for human consumption. Pathogenic microorganisms were eliminated from the cassava flours due to fermentation.
